Abstract. Double neutron star systems lead to strong tests of general relativity. The history of the double pulsar PSR J0737−3039 is also very interesting. There are claims that the younger member of this binary (pulsar B) had a light progenitor. The collapse of this light progenitor suggests that PSR J0737−3039B was not formed in a normal supernova but may be due to a phase transition to strange matter. This would support small baryon loss implied by the small natal kick velocity for the system J0737−3039. Using equation of states for strange quark matter and neutron matter, we have calculated the stellar structure and the baryon content of the progenitor as well as the existing star -to compare with observational predictions. We have also calculated the moment of inertia using both of the equation of states to facilitate comparison with expected future measurements. The baryon number of the progenitor turns out to be ∼ 2 × 10 57 and with small baryon loss the this fits into a strange star of mass 1.25M ⊙ . Double neutron stars may be double strange stars. If the moment of inertia of these stars are found in the near future as expected, then our predictions can be further tested.
Introduction:
In the universe, binary stars exist in large numbers. In most of the binary systems, one member is a compact star and the other member is a normal star. But there are some exceptional systems where both the members are compact stars commonly believed to be neutron stars. So they are known as "double neutron star systems" (dns). Here we are discussing the possibility that for some of these systems, one or both the members are strange stars i.e. they are "double strange star systems" (dss). The prototype is the J0737−3039 which was found in the Parkes 64-m radio telescope in new South Wales (Burgay et al. 2003 , situated 50 pc from the galactic plane and ∼ 600pc from the Earth, has a nearly circular orbit with a small eccentricity 0.087779. The periods P A,B and their time derivatives provide upper limits for the lifetimes of the pulsars as t A ≈ 210 Myr and t B ≈ 50 Myr.
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Double Strange Star Systems :
"Double neutron star systems" discovered so far are listed in Table 1 .
The first double neutron star system was discovered long back in 1975 and is the well known Hulse Taylor pulsar while the first double pulsar J0737 − 3039 was discovered recently and we shall concentrate on it. The evidence of strong interaction between relativistic particles from one pulsar and the other's magnetic field immediately triggered interest for observations of the system in the X-ray band. This was then not only the first binary pulsar but also the first that emits radio as well as X-ray pulses (Kargaltsev et al. 2006 , Campana, Possenti and Burgay 2004 , McLaughlin, Camilo and Burgay 2004 . The first observation was by Chandra (McLaughlin, Camilo and Burgay 2004) and followed up by XMM-Newton (Pellizzoni, De Luca and Mereghetti 2004) . The inferred X-ray luminosity and spectral index are consistent with an emission originating solely from the magnetosphere of pulsar A, but emission from the shocked wind of pulsar A as it interacts with the interstellar medium (or with the magnetosphere of pulsar B) could be another viable hypothesis Taylor and Weisberg (1989) ; (2) Stairs, Thorsett, Taylor and Wolszczan (2002) ; (3) Jacoby et al. (2006) ; (4) Thorsett and Chakrabarty (1999) ; (5) ; (6) Faulkner et al. (2005) (Granot and Mészáros 2004) . Future high energy observations could better trade spectral models and reduce upper limits on orbital modulation and pulsed fractions from A and B providing conclusive evidence of the magnetospheric, thermal or bow shock origin of the X-ray flux.
The small kick velocity of the star J0737−3039B of 30 km/s reported by can be used to find the mass of a binary that will end up within 50pc from the Galactic plane 1 . This gives the progenitor mass to be M B, progenitor = 1.5 ± 0.2 M ⊙ (Piran and Shaviv 2005) and the star mass to be M B = 1.250(5) M ⊙ . We assume that the progenitor is a neutron star and the pulsar is a strange star. The conversion may thus be symmetric just like a electron capture supernova (Podsiadlowski et al. 2005) . We have used the APR EoS (Akmal, Pandharipande and Ravenhall 1998) for neutron matter and EoS A (Bagchi, Ray, Dey and Dey 2006) for strange quark matter and solved the TOV equations to obtain the massradius for neutron stars and strange stars.
We have also calculated the total baryon content of a star using the relation
1 The recent timing observations of the double pulsar J0737−39 have shown that its transverse velocity is extremely low, only 10km s − 1 and nearly in the plane of the galaxy (Stairs et al. 2006) where n(r) is the number density inside a star at a radius r, P(r) is the pressure at a radius r, ǫ(r) is the energy density at a radiusr and M(r) is the mass confined within the spherical region of radius r, R is the radius of the star and G is the gravitational constant. We have listed our results in Table 2 . We have found that the baryon number of a 1.53M ⊙ neutron star (the progenitor of J0737−3039B) is ∼ 2 × 10 57 and the baryon number of a strange star of mass 1.25 M ⊙ is little smaller. This supports our assumption that the progenitor of J0737−3039B produced it through a phase transition of normal matter into strange quark matter and a very small number of baryons were lost during the process.
The magnetic fields of J0737−3039A (6.3 × 10 9 ) and J0737−3039B (1.6 × 10 12 ) coupled to their age estimates suggest that pulsar A is a recycled old strange star with more rapid rotation rate compared to the younger B. This is what we expect from Ginzburg -Landau type modelling of superconducting diquarks in strange stars (Ray Mandal et al. 2006) .
Being highly compact, double neutron star systems serve as excellent lab for testing general relativity. So it is very interesting to study different properties of these systems. One such property is the moment of inertia of the stars which could be determined by measuring the spin-orbit coupling (Bejger, Bulik and Haensel 2005, Lattimer and Schutz 2005) . The spin-orbit coupling could be revealed either through an extra advancement of the periastron of the orbit above the standard post-Newtonian advance or in the precession of the orbital plane about the direction of the total angular momentum of the system (Lattimer and Schutz 2005) . As the stars in the "double neutron star systems" are usually slowly rotating (as seen Kalogera and Psaltis (1999) .
where Ω is the angular velocity of the star and ω(r) is the angular velocity of a locally non-rotating frame at radius r measured by an asymptotic inertial observer. We have calculated moment of inertia using EoS A (Bagchi, Ray, Dey and Dey 2006) for strange stars and using EoS APR (Akmal, Pandharipande and Ravenhall 1998) for neutron stars. Figure 1 shows the plot of mass vs moment of inertia and mass vs radius for these two EsoS. From this figure, we can predict the moment of inertia and radius of a star if its mass is known. As an example, if a star has a mass of 1.25 M ⊙ (mass of PSR J0737−3039B), then its moment of inertia and radius will be 0.664 × 10 45 g cm 2 and 7.476 km respectively if it is a strange star. On the other hand, for a neutron star of mass 1.25 M ⊙ , moment of inertia and radius will be 1.166 × 10 45 g cm 2 and 11.37 km respectively. We found that for M = 1.338 M ⊙ , APR EoS gives I = 1.22 × 10 45 and EoS A gives I = 0.68 × 10 45 which can be compared with Table 1 of Bejger, Bulik and Haensel (2005) where they tabulated I for M = 1.338 M ⊙ obtained from exact calculation (for rotating axisymmetric stellar models).
Problems for neutron star EsoS :
In a seminal paper, Klähn et al. 2006 have taken eight relativistic EsoS and considered the problem of fitting recent data, as an example the large mass of the neutron star PSR J0751+1807. One of the seven criteria that they try to fit is the baryon number of the present day star J0737−3039B based on the idea that 2 Berger, Bulik and Haensel (2005) checked that moment of inertia estimated using Hartle's approximations differs from the exact calculation not more than 1%. there is little baryon loss from the progenitor. They find that the constraint requires a smaller radius for the star. The other constraints that they consider give a contradictory situation that can be avoided if J0737−3039B is not a neutron star but is a strange star.
Conclusions :
To summarize, the genesis of J0737−3039B provides strong evidence for a phase transition in which the baryon number of the progenitor remains unaltered in the daughter to a large extent leading to a very small observed kick velocity to the system. This may be the first inferred observation of such phase transitions and may be substantiated further by subsequent observations. Moreover, double neutron stars may be double strange stars. By measuring the moment of inertia of the members of dns systems, we can also conclude about the composition of these stars.
